The protein lAs of serum-sensitive (FA635) and serum-resistant (FA638) transformants of Neisseria gonorrhoeae, which have identical pedigrees, have been shown to be different by the use of a monoclonal antibody and were also shown to be different by proteinase K cleavage and primary structural and surface peptide mapping. The difference in structure is within the surface-exposed region of the molecule. The only other difference observed between the two strains was a very slight difference in lipooligosaccharide silver staining in sodium dodecyl sulfate-polyacrylamide gel electrophoresis. These data suggest that protein I alone or in combination with lipooligosaccharide may significantly contribute to serum resistance.
The protein IA (P.IA) subclass of protein I (P.1) of Neisseria gonorrhoeae has been associated with serum resistance (5) and disseminated gonococcal infection (4, 7, 9) . Transformation studies by Hildebrandt et al. (8) demonstrated that N. gonorrhoeae becomes resistant to serum killing when the organisms acquire a P.IA. Further studies by Cannon et al. (5) , Spratt et al. (18) , and Shafer et al. (17) suggest that three separate serum antibody complement (sac) loci are distinct from the P.1 locus, although they are closely linked. The gene product of the sac locus was not identified, although recent data from several laboratories suggest that changes in lipooligosaccharide (LOS) determinants are associated with alterations in the sac locus.
To address the effect of variations in the sac locus on corhplement consumption and binding by N. gonorrhoeae, one of us (K.J.) initially undertook studies with a pair of transformants generated by J. Cannon and P. F. Sparling (University of North Carolina, Chapel Hill) by transforming the protein IB (P.IB)-bearing strain F62 with DNA from the P.IA-bearing strain FA130 (Rif Spcr Strr). Selection for Spcr resulted in the generation of an exquisitely serum-sensitive strain, FA635 (5; J. F. Puentes, R. C. Judd, and K. Joiner, mahuscript in preparation), and a serum-resistant strain, FA638 (J. G. Cannon, personal communication). The P.Is of these strains appeared to be identical in apparent molecular weight (aMW). Therefore, P.1 was discounted as a factor in serum resistance. However, when immunoblot analyses are performed by using the 4G5 monoclonal antibody (MAb), a P.IA-screening antibody used in serovar determinations (16, 20) , 4G5 is not observed to bind to the P.1 of strain FA635, whereas it does bind to the P.1 of strain FA638 (13) . Furthermore, 4G5 binds to whole FA638 organisms but not to FA635 cells, as assessed by coagglutination and by direct-binding studies with 125I-labeled 4G5 (Puentes et al., in preparation).
To analyze more carefully the P.Is of these strains, bacteria were grown on clear typing media (19) gonorrhoeae. An acrylamide gel (15%) was used to separate WC lysates (A) and whole cells digested with PK (B). The N. gonorrhoeae strains used were JS1, JS3, FA635 (635), and FA635 (638). Digestion times were 15 min for JS1 and JS3, 30 min for FA638, and 60 min for FA635. PK fragments of P.Is are identified with stars. The gel was stained with Coomassie brilliant blue, and the molecular weight markers were from the Bio-Rad low-molecular-weight marker kit. Molecular sizes are expressed in kilodaltons (K). well-characterized laboratory strains, JS1, a P.IB-bearing strain (11) , and JS3, a P.IA-bearing strain (11) , generously provided by John Swanson, Rocky Mountain Laboratories, Hamilton, Mont.), were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE; 11, 14) ( Fig. 1A ). To confirm that both the FA635 and FA638 strains were P.IA-bearing strains, proteinase K (PK) cleavage of intact bacteria was performed essentially as described by Barrera and Swanson (2) . However, the time required for PK (20 pug/ml) to cleave the P.IA varied appreciably with the strains used; whereas the P.1 of JS1 could be completely A B cleaved in 15 min, JS3 P.1 was only partially cleaved after 15 min. The FA638 P.1 was still only partially cleaved at 30 min, and FA635 required 60 min of incubation to partially cleave the P.I. Almost no PK cleavage of the FA635 P.I was observed after 15 min of incubation, whereas complete P.I cleavage could not be accomplished in strains JS3, FA635, and FA638, since membrane integrity was destroyed before complete P.1 cleavage. Results of PK cleavage are shown in Fig. 1B . Whereas both the FA635 and FA638 strains bore a P.IA, as assessed by the cleavage of a single fragment of about 1.5 kilodaltons from P.1 with PK treatment, the P.I of C *TLC-FIG. 3. High-resolution ax-chymotryptic '25I-labeled peptide maps and surface peptide maps of P.1s. from N. gonorrhoeae FA635 (635) and FA638 (638). Two methods of protein radioiodination were used, i.e., chlorlamine-T (A) and iodogen (B). Both procedures indicate the presence of minor peptide migrational differences (stars) and small differences in radioemission (e). Surface peptide maps (C) show a clear difference in the surface-exposed region of the molecules (arrows). TLE, thin-layer electrophoresis; TLC, thin-layer chromatography. The origins (0) are in the lower right corners. VOL. 55, 1987 strain FA635 was slightly smaller in aMW (35,500) than the P.A of strains JS3 (35,600) or FA638 (35,000), as was the resultant large PK fragment ( Fig. 1, stars) . The characteristic P.IB cleavage pattern (2) was observed in strain JS1, in which the P.1 was completely cleaved, resulting in two large membrane-bound fragments (Fig. 1, stars) of aMW of about 22,500 and 14,500.
Further characterization of the P.Is involved performing primary structural (11) and surface (12) peptide maps on the P.Is of all four strains. The characteristic P.IB structural map of strain JS1 and the characteristic P.IA structural maps of strains JS3, FA635, and FA638 (12) are shown in Fig. 2 . The surface peptide maps also show the very different exposure patterns of P.IAs and P.IBs. Differences can be seen among the P.Is of strains JS3, FA635, and FA638 in both primary structure and surface exposure. However, the P.Is of FA635 and FA638 are so similar that higherresolution peptide maps are needed to identify structural differences clearly (Fig. 3 ). Two protein iodination procedures were used, i.e., chloramine-T iodination (6; Fig. 3A ), which produces iodination of very high specific activity but also results in protein cleavage, especially at tryptophan (1); and iodogen iodination (15; Fig. 3B ), which results in lower specific activities but is less damaging to the proteins. Both procedures revealed structural differences between the P.Is of FA635 and FA638 (Fig. 3 ). Clear differences are seen in the surface-exposed regions of the molecule (Fig. 3C , arrows), confirming the differences observed by MAb-binding (13) and PK digestion.
The P.Is of strains FA635 (serum sensitive) and FA638 (serum resistant) are indeed different and may, therefore, have an influence on serum resistqnce. However, other surface structures could also differ between these strains. Immunoblot analysis (13) demonstrated that H8 antigen (3) exhibits identical antigenic characteristics and migration in SDS-PAGE, suggesting that H8 is the same in each strain. Possible differences in LOS were assessed by silver staining WC lysates of the four strains by the procedure of Tsai and Frasch (21; Fig. 4 ). The only difference in silver staining patterns between strains FA635 and FA638 was in the LOS region, where a slight but reproducible difference in LOS staining can be seen.
The data presented here indicate that there is a difference in the surface-exposed regions of the P.Is in strains FA635 and FA638. This is supported by the following lines of evidence: (i) PK digestion, in which different aMW fragments were generated and the P.I of strain FA635 was more resistant to PK digestion than was the P.1 of FA638; (ii) MAb binding, in which the 4G5 MAb failed to bind to the P.1 of strain FA635; and (iii) primary structural and surface peptide mapping. The only other difference we could discern in the outer membrane of strains FA635 and FA638 was a slight variation in LOS staining.
The structural differences in the P.Is of strains FA635 and FA638 appear to occur at the exposed N terminus of the molecule (13) . This change alters antibody binding and could alter serum sensitivity by chatnging the binding of bactericidal antibodies directed primarily against P.A (9, 10) . A combination of P.A variation and LOS alteration, which could affect antibody binding to LOS, or LOS variation alone might alter serum sensitivity. In every case in which a P.1 alteration spontaneously occurs (P.1 alterations remain anecdotal and retrospective), a LOS alteration is also observed (R.C.J., personal observation), suggesting a link between P.I and LOS expression. This might relate to the observation that the serum resistance sac-i locus, which may encode for LOS structure, is very close to but not identical with the nmp-2 P.1 locus (5) .
The results of this paper show that an extremely minor variation in P.1 structure coupled with a minor LOS difference is sufficient to alter serum sensitivity in N. gonorrhoeae. Only through the construction of isogenic strains varying in P.1 and serum sensitivity but identical at all other loci will it be possible to unequivocally relate P.I phenotype to serum resistance and serum sensitivity. 
